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WAVELENGTH MONITOR f 

BACKGROUND OF THE INVENTION 
1- Field of the Invention 

The present invention relates to wavelength 
monitors, which are typically used in the field of 
optical measurement technology to measure the wavelengths 
of light sources oscillating in a single mode. 
2, Description of the Related Art 

Light sources for siiiyl^-mode oscillating DFB-LB 
(distributed feedback laser diode) and DBR-LD 

(distributed Bragg reflector laser diode) have a problem f 

of experiencing drifts as they are used for a prolonged 

period of time, so in a DWDM (dense wavelength division 

multiplexing) system, . the wavelengths of such light 

sources must be controlled by measuring them at 

appropriate times. 

Wavelength tunable light sources of an external 
resonator type using a diffraction grating are 
extensively used to measure the wavelength 
characteristics of optical components. While they are 
capable of setting a desired value of wavelength over a 

broad range (> 100 nm) , this type of light sources are t 
sensitive to external effects and temperature changes in 
particular affect the wavelength stability. In addition, 
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as the DWDM system becomes adaptive to higher degrees of 
multiplexing, it is required to increase the probability 
that the light source has stable wavelengths. 

Among the conventional devices for measuring the 
wavelengths of light sources, the most commonly used are 
spectroscopes such as an optical spectrum analyzer that 
rotate a diffraction grating by a moving mechanism. 

However, the moving mechanism in such spectroscopes 
makes them bulky and poses other problems such as limited 
long-term leiiduiiny . iu u-treu. * x iu uicoc un ±. j-w^j. h.*c.j f 
various types of wavelength monitor have been developed 
that measure the wavelengths of light sources at 
appropriate times with a 

compact design having no moving mechanism. 

Among these wavelength monitors, one called a 
wavelength locker is used to control the wavelength of a 
DFB-LD light source with a structure that uses optical 
components such as interference film based filters and 
diffraction gratings. 

The wavelength monitor called a wavelength locker 
can only be operated over a narrow wavelength range but 
using no mechanical moving parts, it has high 
reliability, can be reduced in size, requires no large- 
scale processing with software and, hence, is suited to 
the purpose of controlling the wavelengths of light 
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sources such as one for DBF-LD that seldom vary in 
wavelength. There is, however, a problem in that the 
operating wavelength is limited by the wavelength 
characteristics of the components used such as filters. 

A conventional wavelength monitor that is free from 
this problem may be a "wavelength change measuring 
apparatus" disclosed in JP 11-034697 A. A block diagram 
for the configuration of this apparatus is shown in Fig. 
6 as a reference for the following description of the 
apparatus . 

As shown in Fig. 6, the "wavelength change measuring 
apparatus" under consideration is basically composed of 
an input fiber 201, a collimating lens 202, a beam 
splitter 203 as a first splitting means, a first 
reflector 204, a second reflector 205 with a step of d = 
W8, a reflecting prism 206 as a second splitting means, 
a first photo-detector 207, a second photo-detector 208, 
and a signal processing circuit 209 for processing 
signals from the two photo-detectors. 

Measuring light emerging from the input fiber 201 is 
collimated and launched into the beam splitter 203 as the 
first splitting means provided on the axis of the 
emerging light, whereby it is split into two beams, one 
directed toward the first reflector 204 and the other 


toward the second reflector 205. The first reflector 204 
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and the second reflector 205 are provided normal to the 
optical paths of the split beams of collimated light 
emerging from the beam splitter 203 and their optical 
axes are adjusted such that each of the split beams of 
collimated light will be reflected back to the beam 
splitter 203 by travelling through the same optical path- 
The second reflector 205 is a plane reflector having 
a step of d - Xq/B, so when a light beam is reflected by 
the second reflector 205 and travels through the return 
path/ one half of the beam plane generates a difference 
of X 0 /4 in pathlength (X 0 is the center wavelength in the 
measurable wavelength range and may take the value of 
1550 run) . 

The two beams of collimated light that have been 
reflected by the first reflector 204 and the second 
reflector 205 make a second entry into the beam splitter 
203, where they are recombined before entering the 
reflecting prism 206 as the second splitting means. 

The reflecting prism 206 is provided such that the 
axial plane where the pathlength difference of X Q /A has 
been generated coincides with the edge tip surface of the 
reflecting prism 206; the recombined parallel light 
incident on the reflecting prism 206 is split into two 
beams by its edge tip surface and the split beams are 
launched into the first photo-detector 207 and the second 
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photo-detector 208 which are provided on their optical 
axes. The light beams entering the two photo-detectors 
are output to the signal processing circuit 209 as 
currents that depend on their optical intensity. The 
signal processing circuit 209 compares the light 
intensities from the two photo-deiectors and perform 
necessary arithmetic operations to output wavelength 
data . 

The changes in light intensify vs. wavelength that 
are obtained with the ordinary Michelson interferometer 
are expressed by the following eq. 1. A normalized 
Gaussian distribution in a light beam plane gives a 
uniform light intensity, which varies uniformly with 
changing wavelength. 


I = [1 + cos[4jc*AlA]]/2 


(1) 


In eq. 1/ I signifies the normalized light intensity 
received by a photo-detector; \ is the wavelength of the 
Light input from the light source; 


AL is the pathlength 


difference in the Michelson interferometer. 

In the design described abovej, a plane reflector 
having a step of d - W8 is used as the second reflector 
205, so when a light beam is reflected by the second 
reflector 205 and travels through !the return path, one 


C2- • : 4 6 P M ; N 3 B 


F;Sri&,RlChARDSON_Nv;C 3 5 5 6 l 3 9 5 5 


3/ 6 7 


half of the beam plane generates a pathlength difference 
of Jto/4, thereby producing periodic interference light 
intensity signals with a phase difference of n/2. 

Using the interference light intensity signals with 
a phase difference of tc/2, one can determine the amounts 
and directions of changes in the wavelength of a light 

source - 

However, the above-described conventional wavelength 
monitor, or the "wavelength change measuring apparatus" 
disclosed in JP 11-034697 A, does not satisfy the low- 
cost requirement since a step mirror, or a mirror 
specially designed to have a step of d - X 0 /8, must be 
used. 

As a further problem, diffraction occurs at the 
boundary between the step and the non-step area of the 
step mirror, producing distorted interference light 
signals . 

SUMMARY OF THE INVENTION 

The present invention has been accomplished to solve 

the aforementioned problems of the conventional and its 
principal object is to provide a low-cost wavelength 
monitor for measuring the wavelength of a single mode 
oscillating light source with such a design that a phase 
difference of n/2 is generated in two interference light 
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intensity signals without using any specially designed 
optical components and that the phase difference can be 
adjusted after fixing the individual optical components, 

According to the present invention, there is 
provided a wavelength monitor comprising: 

a Michelson interferometer optical system 
comprising; 

an optical element for collimating an incident 
light beam from a light input section to generate a 
collimated light beam; 

a first beam splitter for splitting the 
collimated light beam from the optical element into 
two split beams; 

a first reflector and a 
for reflecting the respective 
first beam splitter; and 

an interference pattern 
inclining the wavefront of the reflected beam from 
the one of the first reflector and the second 
reflector, thereby to generate an interference light 


second reflector each 
split beams from the 

generating means for 


beam having an interference pjattern in the light 
intensity distribution in an plane of the 
interference light beam; 
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a second beam splitter for splitting the 
interference light beam received from the first beam 
splitter in a different direction from the incident 
direction of the interference light beam; 

a first photo-detector and a second photo-detector 
for receiving the respective beams of the interference 
light split by the second beam splitter 

a first slit provided in front of the first photo- 
detector; 

a second slit provided in front of the second photo- 
detector; and 

a signal processor for counting intensity changes of 
the light beams from the first photo-detector and the 
second photo-detector. 

According to the present invention, there is 
provided a wavelength monitor comprising: 

a Mach-Zehnder interferometer optical system 
comprising: 

an optical element for collimating an incident 

light beam from a light input section to generate a 
collimated light beam; 

a first beam splitter for splitting the 
collimated light beam from the optical element into 
two split beams; 
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a first reflector and a second reflector for 
reflecting the respective split beams from the first 
beam splitter; 

a second beam splitter for recombining the 
reflected light beams from the first reflector and 
the second reflector; and 

an interference pattern generating means for 
inclining the wavefront of the reflected beam from 
the one of the first reflector and the second 
reflector, thereby to generate an interference light 
beam having an interference pattern in the light 
intensity distribution in an plane of the 
interference light beam; 

a third beam splitter for splitting the interference 
light beam received from the second beam splitter; 

a first photo-detector and a second photo-detector 
for receiving the respective interference light beams 
split by the third beam splitter; 

a first slit provided in front of the first photo- 
detector; 

a second slit provided in front of the second photo- 
detector; and 
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a signal processor for counting intensity changes of 
the light beams from the first photo-detector and the 
second phgto-detector. 

According to the present invention, there is 
provided a wavelength monitor comprising: 

a Mach-Zehnder interferometer optical system 
comprising: 

an optical element for collimating an incident 
light beam from a light input section to generate a 
collimated light beam; 

a first beam splitter for splitting the 
collimated light beam from the optical element into f 
two split beams; 

a first reflector and a second reflector for 
reflecting the respective split beams from the first 
beam splitter; 

a second beam splitter for recombining the 
reflected light beams from the first reflector and 
the second reflector; and 

an interference pattern generating means for 
inclining the wavefront of the reflected beam from 
the one of the first reflector and the second 

reflector, thereby to generate an interference light t 
beam having an interference pattern in the light 
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intensity distribution in an plane of the 
interference light beam; 

a first photo-detector for receiving the 
interference light beam transmitted from the second beam 
splitter in one of two directions; 

a second photo-detector for receiving the 
interference light beam transmitted from the second beam 
splitter in the other direction thereof; 

a first slit provided in front of the first photo- 
detector; 

a second slit provided in front of the second photo- 
detector; and 

a signal processor fox counting intensity changes of 
the light beams from the first photo-detector and the 
second photo-detector. 

According to the present invention, there is 
provided a wavelength monitor comprising: 

a Mach-Zehnder interferometer optical system 

comprising: 

an optical element for coUimating an incident 
light beam from a light input section to generate an 
collimated light beam; 
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a first beam splitter for splitting the 
collimated light from the optical element into two 
beams; 

a first reflector for reflecting one of the two 
beams split by the first beam splitter; 

a second reflector for reflecting the light beam 
reflected by the first reflector; 

a second beam splitter for recombining the other 
of the two beams split by the first beam splitter 
with the light beam reflected by the second 
reflector; and 

an interference pattern generating means for 
inclining the wavefront of the reflected beam from 
the one of the first reflector and the second 
reflector, thereby to generate an interference light 
beam having an interference pattern in the light 
intensity distribution in an plane of the 
interference light beam; 

a third beam splitter for splitting the interference 
light beam received from the second beam splitter; 

a first photo-detector and a second photo-detector 
for receiving the respective beams of the interference 
light split by the third beam splitter; 
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a first slit provided in front of the first photo- 
detector; 

a second slit provided in front of the second photo- 
detector; and 

a signal processor for counting intensity changes of 
the light beams from the first photo-detector and the 
second photo-detector. 


According to the present invention, there is 
provided a wavelength monitor comprising: 

a Mach-Zehnder interferometer optical system 

comprising: 

an optical element for collimating an incident 
light beam from a light input section to generate a 
colliraated light beam; 

a first beam splitter for splitting the 
collimated light beam from the optical element into 
two beams; 

a first reflector for reflecting one of the two 
hpams split by the first beam splitter; 


a second reflector for reflecting the light beam 
reflected by the first reflector; 

a second beam splitter for recombining the other 
of the two beams split by the first beam splitter 
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with the light beam reflected by the second 
reflector; and 

an interference pattern generating means for 
inclining the wavefront of the reflected beam from 
the one of the first reflector and the second 
reflector, thereby to generate an interference light 
beam having an interference pattern in the light 
intensity distribution in an plane of the 
interference light beam; 

a first photo-detector for receiving the 
interference light beam transmitted from the second beam 
splitter in one of two directions; 

a second photo-detector for receiving the 
interference light beam transmitted from the second beam 
splitter in the other direction thereof; 

a first slit provided in front of the first photo- 
detector; 

a second slit provided in front of the second photo- 

detector; and 

a signal processor for counting intensity changes of 
the light beams from the first photo-detector and the 
second photo-detector. 


According to the wavelength monitors of the 
invention, interference light intensity signals having a 
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phase difference are produced by the means of generating 
an interference pattern in an interference light beam 
plane, so the specially designed reflector (step mirror) 
which has been used in the conventional wavelength 
monitors is no longer necessary, making it possible to 
realize cost reduction by parts standardization. 

In addition, slits narrower than the spacing between 
interference fringes are positioned in front of the 

photo-detectors for light reception and this provides » 
interference light intensity characteristics having 
almost ideal changes in light intensity. 

In the wavelength monitors, the reflected light from 
neither of the two reflectors returns to the input 
section, thereby insulating it from any adverse effects. 

The wavelength monitors have no need to use a third 
beam splitter and, hence, can be constructed at lower 
cost in smaller size. 

If desired, said interference pattern generating 
means may be realized by inclining said first reflector 

and/or said second reflector. Alternatively, said , 

interference pattern generating means may be realized by 
inserting a wedge substrate into one of the two optical 
paths in said optical system. Still alternatively, said 
interference pattern generating means may be realized by 
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inclining said first beam splitter and/or said second 

beam splitter. 

These designs permit adjusting the amount of 
inclination of the wavefronts of the two beams of 
reflected light that are to interfere with each other, so 
the wavelength band over which the wavelength monitor can 
operate can be set in a desired way. 

In another preferred embodiment, said first slit 
and/or said second slit may be variable in slit width. 
Alternatively, said first slit and/or said second slit 
may be variable in slit position. Still alternatively, 
light reception may be effected by said first photo- 
detector and/or said second photo-detector which have a 
detecting area diameter smaller than the diameter of 
interference beams and said first photo-detector and/or 
said second photo-detector is variable in position. 

By adjusting the slit position, some latitude is 
provided in the control of light intensity. In addition, 
after fixing the individual components of the wavelength 
ma ^ to£ , ^ width and position of the slit provided in 


front of each photo-detector are adjusted to produce 
interference electro-optic signals having an ideal phase 
difference- 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a diagram showing the configuration of a 
wavelength monitor according to the first embodiment of 

the invention. 

Fig. 2 is a diagram showing the configuration of a 
wavelength monitor according to the second embodiment of 

the invention. 

Fig. 3 is a diagram showing the configuration of a 
wavelength monitor according to the third embodiment of 

the invention. 

Fig. 4 is a diagram showing the configuration of a 
wavelength monitor according to the fourth embodiment of 

the invention. 

Fig. 5 is a diagram showing the configuration of a 
wavelength monitor according to the fifth embodiment of 

the invention. 

Fig. 6 is a diagram showing the configuration of a 
conventional wavelength monitor using a Michelson 
interferometer with a step mirror. 


DF.TAIELD DESCRIPTION OF THE PRESENT INVENTIO N 
Wavelength monitors according to the first to fifth 
embodiments of the invention are described with reference 
to Figs. 1-5. 
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First embodiment 

Fig. 1 is a diagram showing configuration of a 
wavelength monitor 10 according to the first embodiment 

of the invention. 

As Fig- 1 shows, the wavelength monitor 10 has a 
Michelson interferometer optical system 11 comprising a 
collimating lens (optical element) 102 for collating 
the incident light from an input fiber (light input 
section) 101, a first beam splitter 103 for splitting the 
incident collated light from the optxcai element 102 
into two beams, and a first reflector 104 and a second 
reflector 105 for reflecting the respective split beams 
of collimated light from the first beam splitter 103. 

The optical system 11 has an interference pattern 
generating means 12 which inclines the wavefronts of the 
reflected beams from the first reflector 104 and the 
second reflector 105 after they are recombined at the 
first beam splitter 103, thereby generating an 
interference pattern in the light intensity distribution 

te „ j^>*£*rana2 Uaht beam plane, and this 

interference pattern generating means 12 is realized by 
inclining the first reflector 104 and/or the second 

reflector 105. 

The optical system 11 further includes a second beam 
flitter 106, a first slit 107 and a second slit 108, as 
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well as a first photo-detector 109 and a second photo- 
detector 110 that are securely provided on an optical 
base platform (not shown) ; another component of the 
optical system 11 is a signal processing circuit {signal 
processing means) 111 for processing the signals from the 

first photo-detector 109 and the second photo-detector 

110. 

Next, we describe the capabilities and operations of 
the first embodiment on the following pages. 

The input fiber 101 guides the light from a light 
source (not shown) and emits it from the end face. The 
lens 102 is provided on the optical axis of the light 
emerging from the input fiber 101 and collimates the 
light emerging from the end face of the fiber. 

The emerging collimated light from the lens 102 is 
launched into the first beam splitter 103 provided on its 
optical axis. The first beam splitter 103 splits the 
incident light into two beams, one being directed to the 
first reflector 104 and the other directed to the second 
r^^P^^ m.s. 


The first reflector 104 is provided on the optical 
path of one of the two beams of collimated light from the 
first beam splitter 103 and reflects the incident beam of 
collimated light such that it makes a second entry into 
the first beam splitter 103. 


•i7; 
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The second reflector 105 is provided on the optical 
path of the other of the two beams of collimated light 
from the first beam splitter 103 and reflects the 
incident beam of collimated light such that it makes a 
second entry into the first beam splitter 103. 

The two beams of collimated light reflected by the 
first reflector 104 and the second reflector 105 to make 
a second entry into the first beam splitter 103 are 
recombined and emerge from said first beam splitter 103 
it at two end faces, one facing the input fiber 101 and 
the other being different from the first end face. The 
intensity of the light emerging from the first end face 
and that of the light emerging from the second end face 
have inverting characteristics. 

The reflected beam from the first reflector 104 and 
the reflected beam from the second reflector 105 that are 
to be recombined at the first beam splitter 103 have 
their optical axes adjusted to incline slightly. 

Adjacent the second end face of the first beam 

. . . ■ ■ <■ -■ in . nnn wh i ch 

splitter 103 which is airiema rrcin die 

faces the input fiber 101, there is provided the second 

beam splitter 106 on the optical axis of the emerging 

light. The second beam splitter 106 splits the incident 

interference light into two beams, one being directed to 
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v - detector 109 and the other directed to 
the first photo-detector 

th. second photo-detect.r 110- 

0ne of the two split b ea mS of interference Ixght 
emerging fro, the second he. setter 10* is U«~ 
int0 the first photo-detector X0, after pass,, through 
the first slit 107 provided on its optical a*rs. 

v> fhe second slit iu» 

detector HO after passrng — 

provided on its optical axis. 

detect o, no « - — - V'Tll- 

after convex U*t to — < * 


light ' the electrical 

„ tho intensities of ll*t fro. «*. 

si9nals P T 1 * - - — 

U.st photo-deteotor 

no ara comp »ed and sheeted « necessary 
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operations so that the wavelength of the incident light 
is determined and wavelength data is output. 

The system is so designed that the reflected beam 
from the first reflector 104 and the reflected beam from 


the second reflector 105 that are 


to be recombined at the 


first beam splitter 103 have their optical axes adjusted 
to incline (to realize the interference pattern 

io\ a result, the wavefronts of the 

generating means 12} . As a result, 

* „*i*n*»A parallel Ught are inclined and 

the intensity of light in the interference light beam 
Plane does not have the uniformity expressed by eq. l; 
instead, linear interference fringes are generated. 


If all beams of interference 
interference fringes are received 


light having narrow 
by the photo-detectors, 


a wavelength change will not caus^ the desired change in 


light intensity that is expressed jby eq. 1. 

in addition, the interference fringes under 
observation appear to make a parallel shift in response 
to the wavelength change. 


What is more, if the inclination oi tEi «v™ 
of the two beams of reflected parallel light is 
increased, the spacing between interference fringes 
decreases; if the inclination is rUuced, the spacing 
between interference fringes increases. If the 


- 22 - 


SH&Ri CrARDSON_N- ; C3 55 6 



a uniform light intensity 
( the two beams are parallel), a un 

is obtained. 

„ if interference fringes are generated 
However, even if inter* 

, rp liaht beam Plane, light intensity 
in the interference light Dean V 

lmn , t the same changes m lignc 
characteristics havxng almost the 

siit „ than the spacing between interference 

nges is provided in front of each photo-detector for 
fringes a& v ^« Tuition 

ntion in addition, by ad 3 us^«* — *~ 
liqht reception. 

som e latitude is Prided in the control of U*t 

lr,tenSi "' of the fi«t slit 101 

T0 this end, the positions of the 

the second slit 

d etectot 10, and the seoond photo-detectot 110. 

^ the Phase difference he-en the — 
light intensity signals he., output « - - — 

deteCLUi °' ' I nf the invention, 

first embodiment of the inv 
According to the txrbt 

* «.*,. slits provided m front 
th e widths and positions of the sUts 

v. . detector 109 and the second photo 
of th . ntst photo-detecto ^ 

Rector 110 are adjusted and thts has 

deference in the U*« intensity s.nals 
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individual optical elements can be controlled to produce 
interference light intensity signals having an ideal 
phase difference. 

In addition, the expensive, specially designed step 
mirror which has been used in the conventional wavelength 
monitors is no longer necessary, contributing to cost 
reduction. The diffraction occurring at the boundary 
between the step and the non-step area of the step mirror 
is structurally absent from the design of the embodiment 
under consideration and there is no such problem as the 
occurrence of distorted interference optical signals. 

Second embodiment 

Fig, 2 is a diagram showing the configuration of a 
wavelength monitor 20 according to the second embodiment 
of the invention. In Fig. 2, the components which are 
the same as those shown in Fig. 1 are identified by the 
same numerals. 


second embodiment has a Mach-Zehnder interferometer 
optical system 21 comprising a collimating lens (optical 


element) 102 for collimating the incident light from an 
input fiber (light input section) 101, a first beam 
splitter 103 for splitting the incident collimated light 
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reflector 104 and a second reflector 105 for reflecting 
the respective split beams of collimated light from the 
first beam splitter 103/ and a second beam splitter 106 
for recombining the reflected beams of light. 

The optical system 21 has an interference pattern 
generating means 22 which inclines the wavefronts of the 
reflected beams from the first reflector 104 and the 
second reflector 105 after they are recombined at the 
second beam splitter 106, thereby generating en 
interference pattern in the light intensity distribution 
in an interference light beam plane, and this 
interference pattern generating means 22 is realized 
either by inclining the first reflector 104 and/or the 
second reflector 105 or by inclining the first beam 
splitter 103 and/or the second beam splitter 106. 

The optical system 21 further includes a third beam 
splitter 112, a first slit 107 and a second slit 108, as 
well as a first photo-detector 109 and a second photo- 
detector 110 that are securely provided on an optical 
base platform (not shown) ; another component of the 
optical system 21 is a signal processing circuit (signal 
processing means) 111 for processing the signals from the 
first photo-detector 109 and the second photo-detector 
110. 
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Next, we describe the capabilities and operations of 
the second embodiment on the following pages. 

The first reflector 104 is provided on the optical 
path of one of the two beams of collimated light from the 
first beam splitter 103 and reflects the incident beam of 
collimated light to be launched into the second beam 
splitter 106. 

The second reflector 105 is provided on the optical 
path of the other of the two beams of collimated liqht 
from the first beam splitter 103 and reflects the 
incident beam of collimated light to be launched into the 
second beam splitter 106. f 

The two beams of collimated light reflected by the 
first reflector 104 and the second reflector 105 to be 
launched into the second beam splitter 106 are recombined 
and emerge from said second beam splitter 106 at two end 
faces that differ from the two incident end faces. 

The reflected beam from the first reflector 104 and 
the reflect ed beam from the second reflector 105 that are 
to be recombined at the second beam splitter 106 have 
their optical axes adjusted to incline slightly. These 
two optical axes can be inclined by means of either the 

reflectors or the beam splitter and either method will t 
do . 
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The third beam splitter 112 is provided on the 
optical axis of the light emerging from one of the two 
exit end faces of the second beamsplitter 106. The 

light intensities emerging from the two exit end faces of 

i 

the second beam splitter 106 have inverting 
characteristics but the third beams splitter 112 may be 
provided adjacent whichever of the two exit end faces - 
The third beam splitter 112 splits the incident 
interference light into two beams,, one being directed to 
the first photo-detector 109 and the other • directed to 
the second photo-detector 110. 

One of the two split beams of interference light 
emerging from the third beam splitter 112 is launched 
into the first photo-detector 109 jafter passing through 
the first slit 107 provided on its optical axis. 
Similarly, the other of the two split beams of 
interference light is launched intjo the second photo- 
detector 110 after passing through the second slit 108 


provided on i ts optical axis. The, subsequent operations 
are the same as in the first embodiment. 

While the second embodiment described above has the 
same advantage as the first embodiment, it offers another 
advantage in that the reflected light from neither the 
first reflector 104 nor the second reflector 105 returns 



- 27 


F I SH&R i CHAR DSON_N v ; C 3 5 5 6 1 3 9 5 5 


ff 35/ 67 



to the input fiber 101, thereby insulating it from any 
adverse effects. 


In addition, using an interferometer of the 
described design, one can fabricate a wavelength monitor 
having a small difference in pathlength and offering 
broad FSR wavelength characteristics. 

Third embodiment 

Fig. 3 is a diciy xraiu showing the configuration of a 
wavelength monitor 30 according to the third embodiment 
of the invention. In Fig. 3, the components which are 
the same as those shown in Figs. 1 and 2 are identified 
by the same numerals . 


As Fig. 3 shows, the wavelength monitor 30 of the 
third embodiment has a Mach-Zehnder interferometer 
optical system 31 comprising a collimating lens (optical 
element) 102 for collimating the incident light from an 
input fiber (light input section) 101 , a first beam 
splitter 103 for splitting the incident collimated light 
into two beams, a first reflector 104 and a second 
reflector 105 for reflecting the respective split beams 
of collimated light from the first beam splitter 103, and 
a second beam splitter 106 for recombining the two beams 
of reflected light. 
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The optical system 31 has an interference pattern 
generating means 32 which inclines the wavefronts of the 
reflected beams from the first reflector 104 and the 
second reflector 105 after they are recombined at the 
second beam splitter 106, thereby generating an 
interference pattern in the light intensity distribution 
in an interference light beam plane, and this 
interference pattern generating means 32 is realized 
either by inclining the first reflector 104 and/or the 
second reflector 105 or by inclining the first beam 
splitter 103 and/or the second beam splitter 106* 

The optical system 31 further includes a first slit 
107 and a second slit 108, as well as a first photo- 
detector 109 and a second photo-detector 110 that are 
securely provided on an optical base platform (not 
shown) ; another component of the optical system 31 is a 
signal processing circuit (signal processing means) 111 
for processing the signals from the first photo-detector 
109 and the seco nd photo-detector 110. 

Next, we describe the capabilities and operations of 
the third embodiment on the following pages. 

The operations up to the stage of recombining the 
reflected beams at the second beam splitter 106 are the 
same as in the second embodiment. 
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The second beam splitter 106 recombines the two 
beams of reflected parallel light from the first 
reflector 104 and the second reflector 105 and allows 
them to emerge from two end faces that differ from the 
two incident end faces . 

One of the two split beams of interference light 
emerging from the second beam splitter 106 is launched 
into the first photo-detector 109 after passing through 
the first slit 107 provided on its optical axis. 
Similarly, the other of the two split beams of 
interference light is launched into the second photo- 
detector 110 after passing through the second slit 108 
provided on its optical axis* However, the light 
intensities emerging from the two exit end faces of the 
second beam splitter 106 have inverting characteristics. 

The subsequent operations are the same as in the 
second embodiment. 

It should, however, be noted that the positions of 
the first and second slits provided on the optical axes 
of the beams emerging from the second beam splitter 106 
arc different from their positions on the optical axes of 
the beams emerging from the third beam splitter 112 in 
the aforementioned second embodiment. 

According to the third embodiment of the invention, 
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be eliminated and this contributes to reducing cost and 
size . 

Fourth embodiment 

Fig, 4 is a diagram showing the configuration of a 
wavelength monitor 40 according to the fourth embodiment 
of the invention. In Fig. 4, the components which are 
the same as those shown in Figs. 1-3 are identified by 
the same numerals. 

As Fig. 4 shows, the wavelength monitor 40 of the 
fourth embodiment has a Mach-Zehnder interferometer 
optical system 41 comprising a collimating lens (optical 
element) 102 for collimating the incident light from an 
input fiber (light input section) 101, a first beam 
splitter 103 for splitting the incident collimated light 
into two beams, a first reflector 104 for reflecting one 
of the two beams of collimated light as split by the 
first beam splitter 103, a second reflector 105 for 
reTTecrTTig i li^t- re flected from the first 

reflector 104, and a second beam splitter 106 for 
recombining the other of the two beams of collimated 
light as split by the first beam splitter 103 with the 
reflected light from the second reflector 105. 

'"■-<* syst.pm 41 has an interference pattern 
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reflected light from the second reflector after 
recombination of beams by the second beam splitter 106 
and the wavefront of the other of the two beams of 
collimated light as split by the 
first beam splitter 103, thereby generating an 
interference pattern in the light intensity distribution 
in an interference light beam plane, and this 
interference pattern generating means 42 is realized 
either by inclining the first reflector 104 and/or the 
second reflector 105 or by inclining the first beam 
splitter 103 and/or the second beam splitter 106. 

The optical system 41 further includes a third beam 
splitter 112, a first slit 107 and a second slit 108, as 

well as a first photo-detector 109 and a second photo- 

i 

detector 110 that are securely provided on an optical 
base platform (not shown) ; another component of the 
optical system 41 is a signal processing circuit (signal 
processing means) 111 for processing the signals from the 
"fir^r pmmim hrteg^g* inQ and die second photo-de tector 
110. 

Next, we describe the capabilities and operations of 
the fourth embodiment on the following pages. 

The first reflector 104 is provided on the optical 
k n < thu two spilt beams of collimated light 
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incident beam of collimated light toward the second 
reflector 105. 

The second reflector 105 is provided on the optical 
path of the collimated light reflected from the first 
reflector 104 and reflects the incident collimated light 
to be launched into the second beam splitter 106. 

The other of the two beams of collimated light as 
split by the first beam splitter 103 and the collimated 
light reflected from the second reflector 105 are 
launched into the second beam splitter 106, where they 
are recombined and emerge from 

two end faces that differ from the two incident end 
faces . 

The third beam splitter 112 is provided on the 
optical axis of the light emerging from the second beam 
splitter 106 at one of the two exit end faces. The light 
intensities emerging from the two exit end faces of the 
second beam splitter 106 have inverting characteristics 
Gut lxi_ 11 ! hnm ^p 1 j Lfc £ £ 112 may be pr ovided adj acent 
whichever of the two exit end faces. 

The subsequent operations are the same as in the 
third embodiment - 

The fourth embodiment parallels the second 
rv)d:m^nt. in that, the reflected light from neither the 
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to the input fiber 101, thereby insulating it from any 
adverse effects. On the other hand, using an 
interferometer of the described design, one can fabricate 
a wavelength monitor having a great difference in 
pathlength and offering narrow FSR wavelength 
characteristics - 

Fifth embodiment 

Fig. 5 is a diagram showing the configuration of a 
wavelength monitor 50 according to the fifth embodiment 
of the invention. In Fig. 5, the components which are 
the same as those shown in Figs. 1-4 are identified by 
the same numerals. 

As Fig. 5 shows, the wavelength monitor 50 of the 
fifth embodiment has a Mach-Zehnder interferometer 
optical system 51 comprising a collimating lens (optical 
element) 102 for collimating the incident light from an 
input fiber (light input section) 101, a first beam 
~spi±u"£" — j n ~ £ 1 rini-iffinry til£ incident colli mated light 
from the optical element 102 into two beams, a first 
reflector 104 for reflecting one of the two beams of 
collimated light as split by the first beam splitter 103, 
a second reflector 105 for reflecting the collimated 
: -tV r^f looted from the first reflector 104, and a 
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«. b ea,s of connate, U,ht as spiit cy the first 
spl itter 303 with the reacted ll*t fro, the second 
reflector 105. 

tii an interference pattern 

The optical system 51 has an mu 

g en,ratrn g -cans 52 which inches the wave.ront of the 
refl ected u,ht rrc the second Elector 105 after 
^ ° £ *~ ^ the second he.* splitter 1.. 
,„„ the waye.ront .f the other of the two be», o£ _ 
^U^d H,ht as split hy the rirst splitter 10, 

^eh^eneratin^ inference Pattern 
irf-.it, distrihution in an interference H,ht 
pUno, and this interference pattern .eneratin, 
U realised either hy inclinin, the first refractor 1.4 
and/ or the second refiector i05 or hy inclining the frrst 
„li«er i03 and/or the second hea* splitter 10* 

The optic.! s,ste» si further inclodes a first slrt 

sector 109 and a second photo-detector U0 that are 

, ;r1 i platform (not 

securely provioea ou ™. — 


„ another exponent of the optica! 
, ign al Processrn, circuit .si^nai processing .eans, 
tor pr ocessin g the signals fro, the first photo-detector 
109 and the second photo-detector no. 

„, , r>b . ,h, capabilities and operations of 
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The operations up to the stage of recombining the 
reflected beams at the second beam splitter 106 are the 
same as in the fourth embodiment . 

The second beam splitter 106 recombines the other of 
the two beams of collimated light as split by the first 
beam splitter 103 with the collimated light reflected 
from the second reflector 105* The recombined beams 
emerge from the second beam splitter 106 at two end faces 
that differ from the two incident end faces* 

The subsequent operations are the same as in the 
aforementioned third embodiment* 

According to the fifth embodiment of the invention, 
the third beam splitter 112 in the fourth embodiment can 
be eliminated and this contributes to reducing cost and 
size . 

In the first to fifth embodiments described above in 
detail, the second beam splitter 106 in the first 
embodiment and the third beam splitter 112 in the second 

and fourtfl e mSogrt^ugrr! 11 y ewploy ^~h Q r e flecting prism 

206 (see Fig, 6) which is shown in JP 11-034697 A, 
"Wavelength Change Measuring Apparatus and hereby 
incorporated as a conventional reference- Light may be 
reflected by the reflecting prism 206 to both sides as 
v> 1 1 -0^4 sqi a, supra but obviously, only one 
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The interference pattern generating means may be 
realized by inserting a wedge substrate (such as a glass 
put. in wedge shape having one side formed at an angle 
with the other side, into one of the optica! paths in the 
optical system. 

As detailed above, in the wavelength monitor 
according to the present invention, the width and 
position of the slit provrded in front of each photo- 
detector are adjusted after fixing the individual 
ctwpo „ents and this has the advantage of producing 
interference light intensity signals having an ideal 

phase difference. 

a addition, the specially designed step mirror 
which has been used in the conventional wavelength 
mon itors is no longer necessary, contributing to cost 
.eduction. Since the diffraction occurring at the 
b oundary between the step and the non-step area of the 

, , t- febaxa nn such problem as the 

step mirroi j-» "~ w -"-' - 


occurrcnce of distorted interference optical signals. 

» the wavelength monitors, the reflected light from 
neither of the two reflectors returns to the input fiber, 
thereby insulating the input section from any adverse 
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The wavelength monitors use a smaller number of 

v,* mnqtructed at lower cost 
components and, hence, can be constructed 

in smaller size. 
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